Introduction
In 2011, the Canadian Cancer Society stated that lung, prostate, breast, and colorectal cancer account for 50% of all cancer deaths and 50% of all new cancer cases [1] . Of new incident cancer cases, breast cancer accounts for 28% of cases in women and prostate cancer accounts for 27% of cases in men, with colorectal cancer accounting for about 12% of cases in both sexes.
Randomized controlled trials (RCTs) are an indispensible tool in investigating various cancer management methods. RCTs are frequently used to examine a broad range of therapies including: new or existing anti-cancer therapies, new approaches to cancer prevention and screening, as well as complementary and alternative cancer therapies. The ability to evaluate the methodological quality of RCTs is central to the critical appraisal of individual trials and the conduct of unbiased systematic reviews. Additionally, misinterpretation of trial results can lead to incorrect changes to clinical practice, potentially negatively affecting patients' medical care [2] . Furthermore, studies have shown that RCTs with poor reporting quality are associated with biased findings [3] . The awareness concerning the quality of RCTs reporting is growing as inadequately conducted trials are viewed as a waste of time, effort, and increasingly scarce health-care resources. Conversely, well-conducted trials with suboptimal reporting can also represent squandering of these same resources [4] . Beyond these significant financial considerations, the well-documented incidents of research fraud play an equal and certainly more alarming role in examining and improving reporting quality [5] . The highest possible standards should be sought in the reporting of medical research, particularly in regards to RCTs.
Various guidelines have been created to alleviate problems arising from inadequate RCTs reporting. These guidelines are currently encapsulated by the "CONSORT -CONsolidated Standards of Reporting Trials" that have been developed by the CONSORT Group (http://www.consort-statement.org) [6] [7] [8] [9] . This document was first published in 1996 with subsequent revisions in 2001 and 2010. The CONSORT statement "offers a standard way for authors to prepare reports of trial findings, facilitating their complete and transparent reporting, and aiding their critical appraisal and interpretation" [7] .
Although there have been numerous recommendations over the past 30 years to enhance RCTs reporting, and more intensely over the past 15 years to adhere to the CONSORT Statement, reviews in several fields of medicine have repeatedly shown that the reporting quality is still problematic with poor adherence [10] [11] . To our knowledge, a systematic assessment of the quality of RCTs reporting and adherence to the CONSORT statement in cancer research has not been previously conducted. A contemporary audit of RCT reporting quality is warranted given important health policy implications and disease burden related to cancer and its associated therapies. 
Materials And Methods

Study design
Study population
Randomized controlled trials on the topic of the four most common solid malignancies were identified for potential inclusion into the final CONSORT database for quality analysis. The following list of inclusion and exclusion criteria were utilized in order to obtain a representative sample of oncology RCTs over the past 20 years while maintaining a feasible number of papers to review within the context of the research team. Exclusion criteria:
1. Non-English language reports 2. Investigations reporting interim analysis that did not result in stopping the trial 3. Secondary and long-term update analyses 4. Pilot/phase 2 studies 5. Trial that did not employ a parallel design such as crossover, factorial, cluster, split-body, and multiple arm trial. 6. Duplicate reports 7. Cost effectiveness and economic studies 8. Trials studying benign tumours or pre-cancerous lesions 9. Trials studying cancers other than the four mentioned in the inclusion criteria, or a combination of two or more of these four cancers.
Selection methods
A professional librarian at the London Regional Cancer Program conducted a search of PubMed database for RCTs in compliance with the study inclusion criteria. One reviewer (IA) screened the titles and abstracts of the 850 retrieved reports to exclude any obvious non-eligible trials (Figure 1 ). Of these, 515 RCTs were deemed eligible for inclusion in a full article review. A copy of the full article was obtained for each of the 515 included reports. Two trained physician reviewers (IA and GR) conducted a full article review of the 515 reports. This review had three goals: first--to exclude any reports of non-eligible trials, second--to independently score the included RCTs' reporting quality using the CONSORT checklist, and third--to collect data on predictive clinical trial descriptive variables for further analyses. Of the 515 reports, 408 RCTs met all inclusion and exclusion criteria for insertion into the final study database. 
RCT scoring
Two reviewers (IA and GR) used a standardized form to generate average (primary assessment of overall study quality) and difference (overall estimate of item reliability) CONSORT scores. Our extraction form consisted of the 25 core (excluded follow-up sub-items) items from the 2010 CONSORT checklist that would be common to all trials irrespective of design or intervention to be assessed; see Appendix (Table 3 ) for further details. Each item was given equal weighting; therefore, each RCT was given a score out of 25, reflecting how many of the 25 extraction form items were in compliance with the CONSORT checklist.
Statistical considerations
The sample size was calculated as a function of the number of coefficients that can be safely included in the study's regression model. The commonly used rule in epidemiology is that 10 observations (RCT in our study) per coefficient are sufficient to provide adequate precision. Because we intended to analyze the association between two outcome measures and 11 predictors (13 coefficients), any ratio greater than 10/1 (N>130 RCTs) should generate precise results.
We calculated Kappa statistics for each individual CONSORT item and for the total scores on the entire sample (408 RCTs) in order to assess the chance-adjusted reliability of all CONSORT checklist items. We calculated descriptive summary statistics for all variables. For the main analysis, we constructed two main effects models. 
Results
Results from the descriptive analyses carried out to assess demographic characteristics of the 408 RCTs were as follows:
Frequency by year of publication shows that the number of RCTs published in the three time periods related to changes in CONSORT reporting (1992) (1993) (1994) (1995) (1996) Four hundred and eight articles were analyzed for descriptive analysis. Our primary outcome, the mean average CONSORT score, was 16.6 (SD 3, max 25). Our secondary outcome, the median CONSORT Difference of Scores, was two (interquartile range 1-3). Figure 2 presents the distribution of the two outcome measures. Figure 3 presents a scatter plot of the Intraclass Correlation Coefficients (ICC) between the CONSORT Scores generated by the two reviewers which was 0.71 (95% Cl 0.61, 0.78).
FIGURE 3: A scatter plot of the Intraclass Correlation
Coefficients (ICC) between the CONSORT Scores generated by the two reviewers which was 0.71 (95% Cl 0.61, 0.78).
The entire sample was also approached regarding the reliability in the final analysis. Kappa Agreement and Percent Agreement for each individual CONSORT checklist item ranged from (0.02-0.92), and (30.9 -97.8%), respectively ( Table 1 ). 
CONSORT difference Score
Recent Year of Publication: This was the only predictor associated with a decrease in the CONSORT difference of scores (p=0.0085). (1992) (1993) (1994) (1995) (1996) , between the release of CONSORT and its first revision (1997) (1998) (1999) (2000) (2001) , and between the release of the first CONSORT revision and its second revision (2002 -2010) ^ Reference group ^^ The variable Impact Factor is and Ordinal variable that is dichotomized into two groups: Low ≤ 10, and High: > 10. Low is the reference group.
Discussion
Our primary aim was to determine predictors of CONSORT Checklist compliance in the oncology literature over the past two decades and the magnitude of their effects. This audit and its findings were important due to the size and scope of the analysis performed in terms of RCT reporting quality as well as providing some preliminary information on CONSORT item reliability. We identified three statistically significant predictors (Year of Publication, IF, and Author Number). Year of Publication was the one with the highest impact on CONSORT score. There was an increase of 3.1 in the CONSORT Score comparing RCTs published in the period, 2002-2010 to 1992-1996, and an increase of 1.8 comparing RCTs published in the period, 2002-2010 to 1997-2001. These results may be explained by several factors that have changed over the two decades.
One possible factor is the increase in the number of researchers trying to publish, which has made publishing more competitive. Journals have raised the publication standards and the editorial instructions have become stricter. Also, the process of peer review has become more regulated. The number of peer reviewers has increased, and strict rules have been put in place to minimize potential biases, such as blinding the peer reviewers to the names of authors and institutions. Another possible factor is the advancement in technology. This advancement has a clear impact on the way research is conducted.
The predictor with the second largest coefficient was IF. High IF RCTs have a higher CONSORT average score (1.46 point higher) compared to low IF RCTs. Journals with high IF may have more strict publication instructions, peer review process as well as an increased use of the CONSORT methodology. The predictor with the smallest coefficient was the total author number. There was an increase of one point in the CONSORT Score for an increase of about seven in the number of authors. Intuitively, larger research teams have the advantages of more feedback and internal reviews. Members from different backgrounds bring to the equation different experiences and perspectives. Although this association is statistically significant, it does not seem to be of practical importance.
For each individual item, Kappa agreement ranged from (0.02-0.92), and percent agreement ranged from (30.9 to 97.8%). The following items: Allocation Mechanism (Item # 9), Implementation (Item # 10), Flow for Patients (Item # 13a), Flow for Loss to Follow-up (Item # 13b), Generalizability (Item # 21), and Interpretation (Item # 22) were the least clear to interpret by the two reviewers. Previous works in the field of CONSORT checklist compliance have shown similar results [9, 12] .
Recent year of publication was the only factor associated with an increase in reliability. This result could be explained by the same possible reasons mentioned above to explain the increase of the reporting quality in recent studies.
Our data showed that a few of the items have poor Kappa values yet high levels of agreement which is a phenomenon previously seen in the literature [13] .
The variability in the level of agreement for some items is likely multi-factorial. One possible explanation of this variability may stem from the fact that journals adopting CONSORT statement do not actually use the checklist as their guidelines rather they integrate the statement's recommendations in their own guidelines. A second possible explanation is that some items may be more applicable for certain specialties or procedures. For example, allocation concealment may be easier to explain and report in drug trials than in surgical trials. A third possible explanation is that the wording of some of the items is indeed unclear. In all cases, a baseline level of variation is expected with any interpretative activity.
Although improvements in RCT reporting have been observed over time in the cancer literature, the overall quality of reporting remains suboptimal (Mean average CONSORT score was 16.6 [SD 3, max 25]). In this study, we found that 50% of the published literature has a reporting quality of 66.4% or less, and 85% has a reporting quality of 78.4% or less, based on the CONSORT statements consensus definition of reporting standards. These findings mirror those by other investigators [9, 11] .
Of the 515 reports included in the full article review, 107 had unclear abstracts. Many of these abstracts presented the reports as novel RCTs, while the full article review revealed that the reports were not. Many research consumers depend only on the abstract to obtain the research results and level of evidence. It is therefore concerning that up to a fifth (107/515) of the literature might provide inaccurate information in this regard. In addition to CONSORT reporting for RCTs, separate criteria regarding a standardized abstract format and nomenclature may assist with regards to this issue. Other studies found similar or less optimal results [11] .
The study sample was derived from a single database, PubMed. This increases the reliability (internal validity) of the study results, yet this potentially reduces the generalizability (external validity) to RCTs published in other databases. Plint, et al. [10] and Farrokhyar, et al. [12] reached similar conclusions regarding validity in their investigations. Their data were obtained from electronic searches of MEDLINE, EMBASE, and Cochrane CENTRAL and of MEDLINE, the Cochrane Library, CINAHL, HealthSTAR, and EM BASE, respectively, and both used the CONSORT checklist to score the quality.
This study investigated the four most common cancer types. Since research studying other cancers is conducted in a similar pattern (same countries and journals), it might be possible, with caution, to generalize the study results to the research dealing with other cancers. The study sample included RCTs published only in English. We cannot infer whether it is safe to generalize the study results to RCTs published in other languages. The article review was done by qualified reviewers who have different research backgrounds (oncology, epidemiology), which increased the generalizability. The study sample includes RCTs conducted in many different institutions, groups, and countries.
This variety also ensures good generalizability. This study investigated RCTs published in journals that had published more than four RCTs meeting our eligibility criteria in the past 20 years. Therefore, the study results may not be applicable for RCTs published in journals that publish cancer research infrequently.
This study has a number of limitations and sources of bias. One source of bias is the fact that the two reviewers could not be blinded to the journals' names or authors. There might be a theoretical inclination to give high impact journals a higher score because of their reputation. If this bias did occur, it would similarly affect older and newer publications resulting in no effect on our study's conclusions. There is no clear way to evaluate how much of the included reports were "improved" by the journal editors and peer-reviewers after submission to the journal. If this "improvement" in fact exists, the variation from journal to journal remains unknown.
We did not examine our data to see whether some of the RCTs were published by the same author (research team). Reporting quality of RCTs published by the same author are likely to be more similar than reporting quality of RCTs published by different authors. Hence, the assumption of statistical independence, an assumption that is central for the validity of the hypothesis testing, could be violated. We did not factor in this effect in our analysis because of its small magnitude as the number of RCTs published by the same author in the sample is extremely small. Another limitation of our analysis is the use of the 2010 CONSORT item checklist for clinical trials that were reported before this time.
Conclusions
Based on our results, there are several directions for future study. Given the observed Kappa agreement heterogeneity, further work in the assessment of the reliability of individual CONSORT items is warranted. Going forward, conducting a study with a prospective database might provide a higher level of evidence with regards to addressing questions related to reporting quality. Our study provides complementary results to those from Moher, et al., highlighting the need for a more standardized method to assess the reporting of RCTs [14] . 
3: CONSORT 2010 checklist of information to include when reporting a randomized trial
We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also recommend reading CONSORT ^non-core items that were not considered in our study score
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